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     This article is dedicated to an opportunity of concentrating elastic waves in the iron and 
water cones on the square of the cone vertex of the order of 1 cm2. The square of the base of 
the cone is equal to1 m2, its height - 1 m.  The calculations assume that the cone hexogen 
network lying in the cone basis explodes during the time of 1 µs and causes an explosive 
wave converging to the vertex of the cone. It is shown that this explosive wave can accelerate 
the body having a mass of 3 g to speed V = 5 km / s. 
 
1. Physical motivation of the task  
 
   Suppose there is an iron cone, which is a part of a ball with radius r0 = 1 m 
and a basic square of Scone = 1 m2. On a spherical base of the cone let us place a 
grid with a cell size h = 3 cm, in whose nodes there are hexogen balls with a 
diameter of dhex = 1 cm. The volume of the ball Vhex = π d3hex / 6 ≈ d3hex / 2  
or 0.5 cm3. At a density of RDX [1] ρhex ≈1.8 g / cm3, the mass of each ball is 
about 1g.  Obviously, that the total number of balls placed on the base of the 
cone is 103, and their total mass mhex = 1 kg.  
 
   At the simultaneous undermining of all the balls, the released energy will be 
of the order of ∆Qhex ≈ 6 MJ. The velocity of the detonation wave in RDX is 
Vdet. wave = 8.36 km / s, so that we can assume that the time of the energy release 
will be ∆τhex = 1 µs.  The power of the energy release will be equal to the 
following: 
 
                                Whex = ½∆Qhex/∆τhex = 3*1012 W,                          (1) 
 
where we have taken into account that only half of the energy released in the 
explosion will get inside the cone.  
 
   The density of energy release power that is the intensity of the wave (pulse) 
near the base of the cone is equal to: 
 
                            I1 = Whex/ Scone = 3*1012 W/m2.                                  (2) 
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In the region with an area of Svert = 1 cm2  at the cone vertex there will be 
concentration of the explosion energy, the intensity of the pulse there will be 
bigger if to take the square of the base and the square of the vertex: 
 
                           I2 = I1 Scone/ Svert = 3*1016 W/m2.                                 (3) 
 
2. The amplitude of oscillations  
 
    The pressure in the sonic wave is related with the sound intensity by the 
following ratio: 
 
                                     Psound Fe = (I2*ρFe*Vsound Fe)1/2,                            (4) 
 
where I2 – the sound intensity near the vertex, ρFe = 9 * 103 kg / m3 – the density 
of iron, Vsound Fe ≈ 6 km / s – the velocity of longitudinal elastic waves in iron 
[2], p. 86.  
 
    Substituting numbers into the formula (4), we find that the pulse pressure 
near the vertex of the cone is equal to: PFe = 1.3 * 1012 Pa.  
 
    Now we find the rate of displacement of atoms Vdisp in this pulse from the 
following relation: 
 
                                            PFe = ρFe*V2disp/2,                                       (5) 
 
where 
 
                                 Vdisp = (2* PFe/ ρFe)1/2 = 1.7*104 m/s.                    (6) 
 
We have obtained the velocity of the atom displacements to be equal to  
Vdisp = 17 km / s, which is by twice larger than the first space  
velocity V1 space = 8 km /s.  
 
    This shows that if to place a small body in the vertex of such a cone, a 
significant portion of the explosion energy will be transferred to this body 
which can be launched into space.  
 
    It can be seen that the iron cone will be damaged with each explosion and its 
reuse is hardly possible.  
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3. Water cone 
 
   Let us consider an opportunity of concentrating the energy of elastic 
oscillations by using the water cone having the same sizes as the iron one. 
Water may be placed into the Mylar or rubber shell. The volume of the cone is  
Vcone = (1/3) r30 = 0.3 m3. When the density of water ρwater = 103 kg / m3, the 
mass of water in this cone, will be approximately equal to mwater = 300 kg. The 
cone should be positioned inside a hard steel trunk to prevent the damage of the 
water cone in the transverse direction.     
 
     We find the pressure in the sonic wave near the cone vertex: 
 
                           Psound water = (I2*ρwater*Vsound water)1/2.                             (7) 
 
    Substituting numbers into the formula (7), where ρwater = 103 kg / m3,  
Vsound water = 1.5 km / s, we find that Psound water = 2 * 1011 Pa.  
 
  The rate of displacement of water molecules in the pulse is equal to: 
 
                      Vdisp = (2* Pwater/ ρwater)1/2 = 1.4*104 m/s,                         (9) 
 
it also turned out to be greater than the first space velocity.  
 
4. Non-linear theory  
 
   It is clear that at such high pressures of Psound water = 2 * 1011 Pa, the density of 
water will change, and together with it the other parameters will also change. 
The system of equations describing the state of condensed water can be 
represented as follows [3]: 
 
                                    ρ/ρ0 = Vs/(Vs-Vd);                                             (10) 
 
                                   Ps + ρ(Vs-Vd)2 = ρVs2;                                        (11) 
 
                                     
              Ps = A[(ρ/ρ0)n -1];                                            (12) 
 
where ρ0 and ρ are the density of water in front and behind the explosive wave 
front, Vs – the velocity of propagation of the explosive wave front, Vd - the 
mass velocity behind the explosive wave front, A = 3 * 108 Pa, n = 7- 8. 
Equation (10) expresses the law of conservation of mass, equation (11) - the 
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law of conservation of momentum, and the equation (12) is the equation of state 
of water in the compressed form.  
 
     Let ρ / ρ0 = 3, Vs = 15 km / s. Then the pressure in the sound wave will be 
more than the linear pressure (equation (7)) by (30) 1/2 times, i.e. it is equal  
to Ps ≈ 1012 Pa. From (12) we find that Ps for ρ / ρ0 = 3 and n = 8 is equal to  
Ps = 2 * 1012, which can be considered to be a good agreement between the 
above. 
 
   From equation (10) we find that in this case that the mass velocity behind the 
explosive wave front will be equal to Vd = 10 km / s.  
 
      We substitute these values in the formula (11). We find: 
                                     
                                      1012 + 7.5*1010 = 6.75*1011. 
 
That may be also considered a rather good agreement.  
 
5. Energy transfer to the body  
 
    Suppose that in the vicinity of the cone vertex there is is a physical body with 
a cross-section of 1 cm2 and a mass of mb = 3g. From the law of conservation of 
momentum it follows that in this case the velocity of Vb = 5 km / s will be 
transferred to the body.  
 
    The kinetic energy of the body in this case will be equal to: 
 
                                            mbVb2/2 = 37.5 kJ,                                     (13) 
 
and the coefficient of energy transfer from the explosion to the physical body 
will be equal to 37 kJ / 6 MJ ≈ 0.6%.  
 
          Let us consider the maximum lifting height and range of the flight of the 
body, released at the angle of 450 to the horizon, taking into account the air 
resistance. The velocity of the body due to this air resistance decreases with 
time of flight according to the law [4]: 
                         V(t) = V0/(1+ρ0*exp(-z/H0)*Cx*Str* V0t/2m),               (14) 
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where V0 - initial velocity, ρ0 = 1.3 * 10-3 g / cm3 - the density of the air near the 
Earth surface, H0 = 7 km – a barometric coefficient, m - mass of the body,             
Cx - drag coefficient of the body, Str - cross-section of the body, z - lifting 
height of the body.     
    Without the air resistance the formulae of the flight range and maximum 
lifting height are as follows: 
 
                                 Smax = 2V20*sinΘ*cosΘ/g,                                   (15) 
 
                                 Hmax = V20* sinΘ*cosΘ/2g,                                 (16) 
 
where g = 10-2 km / s2. Then for V0 = 5 km / s and the angle of inclination to the 
horizontal velocity of Θ = 450, we would have obtained the maximum flight 
range Smax = 2500 km and maximum lifting height Hmax = 625 km.  
 
   However, due to the air resistance, the velocity V (t) decreases according to 
the law given by the formula (14). The density of the atmosphere decreases 
exponentially according to the barometric formula. At the height of  
H = 7 km it is already less by e times than that at the Earth surface, where  
e = 2.72 – the base of natural logarithms. 
 
    If you use a bullet, whose diameter is much less than the diameter of the 
trunk, then for this bullet it is possible to have a small drag coefficient Cx.  
 
 The reason why we can make a small drag coefficient lies in its dependence on 
the velocity for a sharp cone. At hypersonic velocities the drug coefficient does 
not depend on the velocity of the body and becomes equal to a constant value: 
 
                                                Сx = Θ
2
vert,                                             (17) 
 
where Θvert - the angle at the vertex of the cone. Fo the body of an elongated 
form, which has the ratio of the body length lbody to its diameter dbody much 
greater than the unity lbody / dbody >> 1, the angle at the vertex of the vertex can 
be made sufficiently small, for example, Θvert = dbody / lbody = 0.1. Then the drag 
coefficient Cx = 10-2, and it can be expected that the decrease of the body 
velocity while it’s crossing the atmosphere will be small.  After crossing the 
atmosphere by the body you can use formulae (15) and (16) by substituting the 
appropriate velocity value into the formulae, which is obtained after the body 
crossing of the atmosphere.  
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   Here it is necessary to take into account that the body rises into the 
atmosphere not vertically, but at the angle of 450.This can be taken into account 
by dividing the second term in the denominator by sin Θ, i.e., multiplying it in 
this case by 1.41. 
 
    For the body with a diameter dbody = 3 mm, the vertex angle Θvert = 0.1,  
the mass mbody = 3 g, after three seconds of the flight we obtain: V = 3.4 km / s.  
The average velocity of the body at this distance will be equal  
to V¯  = 4.2 km / s, the lifting height during this lifting time will be 9 km. We 
assume that further the body will fly without air resistance. Then, according to 
(15), (16) the body with velocity V = 3.4 km / s will fly Smax1 = 1100 km and 
rise to the height of Hmax1 = 290 km.  
 
Conclusion  
 
  It is clear that though this concentrator of elastic waves allows it to transfer the 
hypersonic velocity to a small body, but the efficiency of energy transfer is 
small.  
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